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n-side electrode are formed. 



(57) Abstract: An n-type GaN layer is 
grown on a sapphire substrate, and an SiN 
film or the like is formed thereon as a growth 
mask. An n-type GaN layer in a shape of 
a hexagonal pyramid spire is selectively 
grown over the n-type GaN layer located 
under an opening portion of the growth 
mask. This spire-shaped n-type GaN layer 
is composed of a plurality of crystal planes 
which are inclined to the major surface of 
the sapphire substrate at different inclination 
angles, thereby forming a projection as a 
whole. An active layer and a p-type GaN 
layer are sequentially formed on this n-type 
GaN layer, thereby forming a light-emitting 
structure. Then, a p-side electrode and an 



O (57)S^:^^T>T7Sffi±fZnSGaNjS$jag$-y: % *<D±lZS i N Efc if \Z £ ij figg V X 0 £ W*J&t £ 0 



li-5>o uwn<£la a IN _C I »- 7EJ 13 



WO 2004/084318 Al IIIIIIIIIIIIIIIIIIIHIIIII 



CY, CZ.DE.DK, EE, ES,FI,FR,GB,GR,HU, IE, IT, LU, 2X?3- KRLHfe©B8a§ICOlxT It. fem%ft*tlZ 
MC, NL, PT. RO, SB, SI, SK. TR), OAPI (BF, BJ, CF, CG, ^tPCTHM y h <D#flIICtlK $ tlT I* 5 r Z3 — K <fc B8IS 
a, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). Q)H 4 *? ls7.J — hj 3r#BB„ 



WO 2004/084318 



PCT/JP2004/001952 



m m m 

10 tlBIglij^^oijl^CiL, # shcm** I I i -vm 

20 Hl^^r^B 0 2/07231 -5§-/n°>7 U«y h (^ 4 7 - 5 0 1, 

||<|4 -3- £ £ z tlz J: 0. ^^^^6 

25 fit 1 HAfc <fcl/fit 1 HBlz:. .hSBXSJUzHiS £ nfe^HK*:^*? 



WO 2004/084318 PCT/JP2004/001952 

CnlGaNU 0 2 £ -£ nlGaNU 0 2 

Ml-S i 0 2 m&J&f&Ltz^ i®Si0 2 J@i£ y y^7 7 -r ~i5«k 

i y > r (3 «k o *9 - - > r l r . mms m □« 

5 10 3 £W-r-i>J5£^x ? l 0 4 Zm&c-tZo ZOMnU 1 0 3 cDJ£ 

ra^sfctt-*©— a# < i i - 2 o > ijftiz^Tttnm t-t 

& 0 ^©HfpSP 1 0 3 £i± 1 0 jumejKt?**. 

S7^M0 4«:ffll\ -e^ggPSP 1 0 3 tefctt* nSG a NJS 1 0 
2±i:niGaNil 0 5 «r»^*« c GDJiiRj&g (3 «fc 0 „ 

10 A^ifttOnSGaN110 5*1#^n§ o i®/^«0nl 
G a NJg 1 0 5 © 6I(±, t7 7 ^ 7lt 1 0 1 ©ilH^LTM 
U:SW^^ 0 u^nMGaNIl 0 5 ±(3. n 

G a N*OS5ttJB 1 0 6 fc^pSG a NJg 1 0 7 *JH&j£fi $ -fcb « . 
J: ? tz LT N ^«©nlGaNi 1 0 5 

15 LfcS'&S 1 0 6i3j:(;plGaNll 0 7 tlz£t) ^ 

pSGaNll 0 7±Hp jim^^^^-T^ ttfeU, nS 
GaNIl 0 2 ^nfflijmSi^^-r-So 

20 fcatTBttOnMG aNJB 1 0 5 fcjgftj&g * © s M_h^S14JS 

1 0 6feJ;{;plGaNll 0 7 £ £ £ «fc 9 ^7£jg^#| 



2 



WO 2004/084318 PCT/JP2004/001952 

4>ft< £ ^^ H s H§P<^|ti^ H B B M±^iii^^jg$n^. 4>ft< t^g 
&m tnm.&}izmm$ ntzm 2 ©m^t £Wi-<s 

I - V^{b-a-^^*#:©(5^. BeMgZnCd S ^{b-^^Wtt^ 
BeMgZnCd Olfk^i^/^'© I I -V I ^<b^^^## 
ft£#¥tf£ft*. M{bt>3U I I -V^{b^^«#^. Ift 
25 WlcttAl. B y G ai -,- y _ 8 In, As u N,-„-v P v 

O^x^K O^y^K O^z^l. 0 £ u ^ K O^v^K 0 



3 



WO 2004/084318 



PCT/JP2004/001952 



£ x + y + z < K 0£u + v<l)fr£fciK £ K) Mftttilz It A 1 
B y G a ,- x - y - z In, N ( tz tz L ^ 0 £ x £ 1„ O^y^K 0^ 
z^K 0^x + y + z <l)fr&ft!K JfeMlftfciteA 1 x G a 
I n z N (fc/fU O^x^U O^z^l) Mfbtim I 

I I -Vfflt'£to¥m<*V>5 e i*m*mf6£^ GaN. I nN, A 1 
N > A 1 GaN v InGaN, AlGalnN^m^, 

©ISA«fP©*.hai$(Z>*gAiu Si%&*.tt(d\ HMIAtf 6* 
»©*5AM©-5 ^©ISAIfP©]S^«:^tf|gAM©ffi^{±, »»13(4 
6 0«J^±6 5jg]^T. UIfi5(i(i6 2jE*JS(±6 3 JBEJ^Ti?* C 
©«tA*©^tttt3fe*^«fclS&*ir> flIAtf. **©^15tespfT<i: 
— ^lRl^«B*^J^«*#f * c <h &&£ 0 £<z>*£ASP<0;*:£ $ (Sjl 1 

/im^_k2 0 /zmJ^T. AMftUifi l 0 /imj^l 1 5 ymKTt^^, 

'pti < t bi&ih%$(DMm%gM 3 m±iz}m<kmmztitz^ < tt^ 
terns &vm 2 mmmcD^mwmt, 



WO 2004/084318 



PCT/JP2004/001952 



fomtn%mzmmisfttzm2(Dwmtzm^%¥mw&ftm^<Dm 

£ % 1 1 ©¥ig#JS£Sjl 1 #«M©^ 2 

lt&. w 1 1 ©¥*s#;jf . ^ 1 m>nm<Dm 2 co 

l^T* J:^. ^ttftfcfct. t7?-f 7 (Al 2 0 3 ) (CM. A®. 
RM£#fr) . S i C (6H. 4H. 3 C£#fr) . Mfbtl^ I I I 
-V^k^¥«#: (GaN. I nA 1 GaN. A 1 N/jrif) .Si. 
ZnS. ZnO. LiMgO. G a A s . M g A 1 2 0 4 tz£frt>1z 

m i mmmvm 1 o¥«4*jb. m i mmmcDm 2 v^m^m. s^s 
&£v ! B2mmm(D¥mfamtimikM3k 1 1 1 - v^-fbi^¥##^ 

tztzL^ Z Z 7 ClC(t itlt^lt 5 ~ 6 ° fljg^-e 



WO 2004/084318 PCT/JP2004/001952 

^xmnftiz cm t&tt-tzt fkmh&tskcDt-f 
m i mnmcom 1 v^m^m, m 1 mnm^m 2 <D¥w&m, ^44 

5 m<t¥Mffi]$-& (MOCVD) „ /W F7^ K5l*§Jct:^*«> + ;^ 
gS/c(±/N7^f KSR*BJ.fc:**'>ir;UfiJcft (HVPE) ^<*f£ffl^-?> 

10 ± 9 6 0°CJ^T. J: OffSttefctg 2 0 t J^_t 9 5 0 °C^T. ttfcffa 

6«m/hJ^±, cfc 0 ^fiSt-ta 6 /zm/h£t_h 1 8 m/ h £(T <k f 

fit 1 11S©I 2 ^¥##SOiliR^^^^S^Jgcfc 0. 0iJ*fcl?2 0 
15 ~ 4 0°CJ^_t{.£< -T^o 

if! 2 GD^iff^Jl^j&SHft;:. dc^g^x ?_t©>& 

it* io^7x?±©^^$ns) > JiiRj^s^RitiT^^ 

20 Mfb-> y n v ( s i n (#(3. s i 3 n 4 ) ) BMbMfl:^ y ^ > 
(siON)i, n-fbs/y 3> (s i o 2 ) ffli*yfctt-t-ti?»©atjBffli 

5— A (A 1 2 0 3 ) l^r^XfV (W) J@l^_kfB<7>jil<h©a® 



6 



WO 2004/084318 



PCT/JP2004/001952 



tt < 1 - 1 0 0 > ;&fc|4fc{± < 1 1 - 2 0 > 2FfiUcgfctefc* * o \z 

^MM*!^*^©;*;^ * © 1 / 4 »JSl± 1 MTi U JM*^^ 
2 um£l±5 umSIT, JSFiSteti 2 . 5^mJ^Jt3. 5ymJ^TtL^ 

m 2 mnm<D¥mi*m±izm 2 <Dmmz&j&i- & 1 1 biz^ mi <d* 



WO 2004/084318 



PCT/JP2004/001952 



-9 l-«gfi«fP©l@lfP*ai^r*8K«:SiE"r £ & £ tlz J: 0 „ 

& S&ttJB *5 «fc tfljt 2 «*M HS^^S $ -Br & 1*1 © Rfl iz . 

si 1 (DmRizmmL-cmwLtzz t 
zvmw&m 3 commit, 

*N&-spjt<z>si 2 #ii©*i#:i±{:ii^n, in 2 mmm.<D¥m 



8 



WO 2004/084318 



PCT/JP2004/001952 



± 1 3 x/mJ^T. mmizteV um&L± 1 1 // m^T <h -f £ 0 *S7^ 

0/zmJ^_h. »3ltetil a^m^.h. 
{4 1 3 um£l± 3 0 wmRT<bt^ 0 

#»£«mttU:g^;*ttfc:|j| 2 ©m^<h lift 



9 



WO 2004/084318 



PCT/JP2004/001952 



$ 2 ©¥##JS£S-9 J: -9 < <h fcS&JSfc.fctfSi 2 #11 

m i mnmcD^mtkm tmnmizmmts ntzm i ©m^t. 

1 0 



WO 2004/084318 



PCT/JP2004/0019S2 



zvmwnmi commits 

i i 



WO 2004/084318 



PCT/JP2004/001952 



z<D5%nn(DB 1 0 ofeBJ!^ 

1 2 



WO 2004/084318 



PCT/JP2004/001952 



fvmn^iz&tf&m 1 <D¥mfam±izm 1 mmmnm 2 
zvmwvm 1 1 <vmwi±, 

'ptz< t i>^^(Dmm^^m±izim<kmm^titz^ ttm 

m 1 mnm<D¥mfamtnm&)iz&mtstitzm 1 ©ma*. 
m^±<om 2 mmm.(D¥mwm±.izmi zn, m 2 mnmv^m 

T&mmz ntzMmm.¥m®.mytmw:x& & a 
zcDmmvm 1 2 <D&m*^ 

~^miz^ z(D3EmizttLxmmL^ -kwt Lx^^am^^-tm 

1 3 



WO 2004/084318 



PCT/JP2004/001952 



&&&&&& 2 mnm&^mfom 
% i **M®¥WH^**ft£«tt$ftfc$ i (Dnmt^ 

zvmwvm i 3 <D5£wi$, 

ttJS is X xfW 2 t > 

£<£>fi£BJi<z>Jfl 1 4 ©fgnjite. 

1 4 



WO 2004/084318 



PCT/JP2004/001952 



'pft< t b&M 1 ?$(Dmm®ig i Bm±iz)m<xmm z titz^ 4>&< tt^ 
m 1 mnm<D¥mfam t im« izmm tsntzmi<Dnmt, 

* 9 (Dmnmz&if&m 1 <D¥mfam±izm 1 ini®^ 2 
zcDmmcDB 1 5 <?>fgBm^ 

*ta§P_h©B 2 **M(Z>¥»#J»_hl;:i&tf £ft N Sit 2 

1 5 



WO 2004/084318 



PCT/JP2004/001952 



zcomn(Dl% 9-^16 ©SBHjffcfc^T. LTHiJiO,ffi$:^ 

1 6 



WO 2004/084318 PCT/JP2004/001952 

T&mWj&izte^ z com 2 #«M©¥##»<z>iQM** wita&iSBff 

15 $H 1 mAjs£Xfm 1 mBlt, «OGaN^M^t-F^/fst 

¥WBIi5«fctf»r®BU SI2BIA:fcJ:tfS5 2BBfcU £ <Z> 31 BJ1 tf) Si§ 1 © 
WfeJ&JtBte «fc* G a N^5S3t^ K©»j&£&&SBi9i 
¥MB:fcJ: tfBrMBU Sit 3 H A *5 «fc rFJg 3 HIB taU Z<DmW<DW 1 © 

20 ¥M0io J;r/®fMia. JM HA* «fc JM HB fct> £ <Z>fgBJ!<Z>Sm 0) 
25 a N /^-F«Slifcn^^7X^:7W^{ci 



1 7 



WO 2004/084318 



PCT/JP2004/001952 



i^T. 3 (o^mcomMW'mi.z o t> r eim £ #j& l & # t> mm -t & . 

1 ©^ifcJ&IRte «fc£G a N^3t^t - K©«JS^j*«:XSJ(g^^ 

£-|2©Afcfc¥®l2. BfctBrB HI 
£c7>fj| 1 0>^ife7£J&£*5^-CfcJ: % W 2 HA*J«fctJfJg 2 0B iztrs-t <fc 
•9(3. £?\ ^J^tfiffi^c +MT^-St7 7 ^ 7S« 1 1 ftffltu 
-9—- -^>r^^{3J: O-erolM^tMU^^ io-fr? 
7-fTlil 1_L(3 N 0J*t£W«&Kfb^St*Bj£;g (MOCVD) & 
fc«fc 0 > nS^lttit LT^tJ^if S i # K-7"^tlfcnIG aNI 1 

2 S:^«$** 0 ^©nMGaNJl 1 2 nffll^lS 0 ISa^HB. «r 

_L*ftfcfji?imj£9 £• ffiXRg^nMG aNJg 1 2©M^tLT 
fcta* <D -W^tlT, f7 7 -f7lll 1 ± 

£ "f #lj ;U£ 5 0 0 Tcafic7)<£^-eG aN/N*^ 7r)l^A 1 N/^y 

7t® (m^-tJr-r) -ecD^i 0 0 ovm&t-e&ULT 

feMl/T^^, ^©ilinaGaNIl 2 £/5fc;K $ -Br & & 0 

Z(Di§^, GaN^'y77S J f , AlN^'y77l*^St)fe^, * 
f7VK-7 , GaNiS:iSfi$^ f ©SCnlGaNIl 2 £j5£:R 

1 9 



WO 2004/084318 PCT/JP2004/001952 

5 M±mm<Dmm<DVtm*7Kirfemmm^mum.^n, m 9 m^u 

^T^^*^F^?t^^^L/-cifim©G a N#nXS^<7>^M©«®%^ 

io L/cit^^G a NijuummcDmrno^m^Trs-tM^mm^mum^M. 

B^©m i (ommmmiz^ vmmzntzG aN^r^t - 
15 mytcDm^ZTTs-rmmm, mi 30 a, ^(vmncow 2 (Dm.iM'&miz 
aN&mytr-c \t*7T,i-mmm, mi 4 eh*, cgd^hj!^ 

nm> mi 5iii, ^<Dm*n<Dmz <DmM^M\z&&mi%m.7rsmw. 7 k 

Tjk-tmUm, mi 6iAfcJ:^l 6|IB(i, ;0^|©i5©il 
'20 ^M^^^GaNm^^^V^-K^^-r^Mia^cfct/ilTMIll^ Sill 
7 £t/Sil 1 7iHB(i, ZVmWvmG (DmiMftmiz£&G aN 

h° *7r,i-¥-mm*s£xfmwm, mi smA&<kzfm 1 

J;t>'iMEI, SH 1 9 IUA&J:t/Sli 1 9!HBte. Z\<D^ 
25 BH©^ 8 (DmmmmizJ: £ G a NM3t^t - K ^iT^Mia&cb 
t/$fflHU ^2 O0AfcJ;I> ! |2 OIUBte. £ ©|§0Jitf)Sj! 9 omMB 



1 8 



WO 2004/084318 PCT/JP2004/001952 

<Xlz, nIGaNil 2 ©^Ml^J^(fC VDfi, K&MMt£^ X 

fcW3#2 0 0 nmllCS i 0 2 §1*5 «fc tfflfl *. tfff $ # 1 0 nm*I 
^SiNI Si s N ( I) fcWtftfBjacLfcfc, *<D±lz U 

>/MW:')x.yM 7 f>^ gfcfcJu CF 4 ^CHF, ft if 
©7-ytttt?i«yf V^#X5:ffl^/i:R I E&tzJ: 0 S i Njgifccfc 
t>*S i 0 2 I$:x. y f>^L N a^-->/lt, ^^^ffiS^m 
10 £©HP» 1 3 *^t4fiicfi7Xi' 1 4 4Mt5. £©§§PSP13 
©TBtttt. 2B*< < 1 - 1 0 0 > 75|S]£ fell < 1 1 - 2 0 > 75IrI 

fcfctt*^ — «a^t-t±2 ~ 1 3 urn, ZZ-ei±W*.lt3 /imn« e 
£2HAfcJ:tf»2 0Bl;:;te^TfcfcHPSB 1 3 (± 1 
15 Hi(:!i7 1/^tt(«iM$nTl^ 0 HPSP1 3<£>IE 

31 3 @A*5 «fct>*^ 3 IB «fc -9 Z.<D®,^-?^ 9 1 4 

20 ^©^PSPl 3(^i^niGaNIl 2±CnI^ii 

LT«*fcf S i /&H'-7^tifcnSGaNg 1 5 &38ftfi&*3-H:* 0 
£©#©J&SffiftfcJ:0y*.tf 9 4 Otil, J^S?SjS«7°b-^j^«^ 
6-18 jum/h. 0|*.tf 11. 0-11. 3 izm/ 
h fc^ -Q^St-Tl^^ftjSjg^-r^o ZlOJl^jqjcfi (Delete. nSG 
25 aNSl Z £<DnmmL®lz.&tfzm&ZU J S>fr\z.irZtzto^ ^SffllS 

2 0 



WO 2004/084318 PCT/JP2004/001952 

*>«fcV>#. niGaNil 2 t<D nm&G<Dto& ft <DJ&& 

ti^sa:* 9 4 ox: t ^m^^yu-^mmmm^ 1 1 . o 
~ii. 3 «m/h t\.>$#muzm^&t&m&izi8Lfe\sXtf 3 ) 0 z.<d 

5 ^©^WOnlGaNll 5®6M(i, t7 7 -f7ill l©i 

EH^tf^JIMF , „ F 2 „ F 3 F 4 ^tLTfll 
10 MF lN F 2 .F3.F 4 ©I^linlGaNU 5 ©l£2Zjfr£]H 
F 4 ©fttStflttfllfctf 6 2 - 6 Jg2Z£#£?STSPe>*£H®F , 

■rc:©ffi*sngiiis*:«i^-r*«-*siiisi±^m*> sit/-diiiwn 

15 SMi^^tii:^Tt^^©-e^i3, £ tl iz^ifc L T > nIGaN 

£ <Z> HI Plfin 3 <Z>±%£ <miiti^ Mfo&HzteMU 

§P 1 3 $ © 3 ffifSJKtaif tl*. 

20 ±5ll©«fc^aTnIGaNIl 5 £ -tirfc&, 5lttt^T\ 

9 4 HA*5«fc XfB 4 HIB (i^-r=t -5 t77-f7lll 1 _htc^ #<J 
*.tf I n G a N^G>SH4S 1 6 fcWpiMi: LT^J^^M g # 
K-rStlfepSGaNil 7 £«gifcj?&;g£-fr* 0 £ 4) J; L T . 

25 t&ttJl 1 6 fcit/pMG aNI 1 7 tlz& Q . ^7*;^f a^jtCDfg 



2 1 



WO 2004/084318 



PCT/JP2004/001952 



^X 8 5 0 tmm<Z>U&~?T~ — )l>1r& z t iz £ <0 . piG a NJS I 
7 *0Mg <Dm>mt*fti 0 tSttjS l 6fcJ;t;pSGaNIl 7 (OW 
*\±>&m\z.mVX$k#>h%\%>t>K SttJS 1 6©i¥$«^J^{f 3 nm 

i±fis^tt*flita3S^iso7?**fc-w«i<-r*^A<a* l< „ 01*14 

0. 2iimt^^^\ ^IJ^Lif 0 . 0 5 //m{3-T^ ,hi(jfFmH^ 3 VJ^( 

*t4, 16 it 650-800 °C. JMfcftte 1401*14 7 4 0 1, 

J pMG a NI 1 7 te^ttJp 1 6 cD4#ttS:tija:to^^«H-??i««>©ajffi> 
* 01*14 8 8 0 - 9 4 Ot, #U*«t;:tt0|*fcf9 OOTCit^ SttJP 
1 6 14. 01*14. © I n G a Nl^b/i-S ^©T^-pT^ 0J* 
t4 I nM^SO^M^^no© I n G a NJg ^StziRjf Ltz0M 
a.?#J3MjkX$>^X b =fc < . ti CD I nffl/£f4. ^7fc^5£ifcD 
^^(-iS^-r^^^^LJT^fe^tl^o £ fc. pIGaNll 7 izis 

i^Tt4. ^Mf3f4. ^-©«±ji(Z)Mgajg^. »a*©pfflj*a^a» 

MG aNl 1 7±IZ^ >y ?}gj§££<fc OKO^^, pSMi 

L T0J* i4M g # K — "7° £ ftfc pll nGaN14pS3V^ h Jg 

563t*?*|j&©*# <*Wt40J*t4 1 0 n mSJKT?& S 40B# 
JR) o 

±B(dg aN&¥mfom<?>j&£>mmi$, 01*14. Gaoi^tut 

«hy^M'j^ ((CH 3 ) 3 Ga.TMG). AKDJMmt 
LXteb U **;UT;P5-*A ( (CH 3 ) 3 A 1 . TMA) . I n 
vmmt Lt(±h';yf;K>^->A ( (C H 3 ) . In, TM I ) 



WO 2004/084318 



PCT/JP2004/001952 



N(Dmnt LTt±NH 3 K— /\° V Mco^Ttt^ nl 

K-m°> h <h LTliMAfcfi^ > (SiH, ) t plK~n'> h £ 

H 3 C s Hi ) 2 Mg) £> & ¥ x = is ? a s< y ■? y 
isry A ( ( Cs H 5 ) , Mg) 

Tii. nlGaNll 2 *5 «fc tfnIG a Nil 1 5t±N 2 <h H , t<DM 
1=r2fX> SttJBl 6«N, pIGaNil 7teN 2 tH 

tOSB^#XS:ffl^S, SttJP 1 6 <Z>J&fi-7?te4- t'J7# 

n^i^-e % i nififfim-t&<D z tifi-eg^ ?SttJl l 6 
<fc£&FlL-r<5 plGaNIl 7 ©/sggEMzte* 

-ti^p mm £&j§Fttiiei&teT?j£fi h^i^i?^, 

S« 1 1 SrMOCVD^a^&Uloajt- . 

Ptl) fc«fctfAul!JI£Wg?fc^j£Lfc&. *OJ:Cyv^7-f-H 
«fc 0 j3f^£*Ka> U >» X h /n° ? - V L > :©UvXh/^->^ 

<k^T. £ 5 HA*J*^JP 5 HIB J; 9 (3 A A^gt^c^JS^tt 

©nlGaNll 5 <D±\Zf&& L fcS&ttJl 1 6 iJitfpSG a Nl 1 
7 <£>m&&^tsffimz^ Ni/Ag (jfcfcfciP t) /AuMmnplM 

mmi 8 tfBi&zn& 0 zcopmrnmi 8 ti^i^^ 
lEfjm^^niyG aNjp i 5 & t^oxmm^ *. & & < astute ^ «fc ■? 



WO 2004/084318 



PCT/JP2004/001952 



(3ct <ot i p t m&&ifAum*m<kmi&LtzWi^ ^©±.^u v 

-f& 0 Ztliz J; oT. nlGaNil 2 (zn >^ n L/cT i /P t 
/ A u n 1 9^#c£;H£ 0 

«fc 

^nlli 1 9 t^^^S^^^LTlMi&L/ct ^5. ?£tejg 1 6 © 
I n^Jqg^j^DT^^MS 3 8 0 - 6 2 0 nm£)fSH. 0!l*ffi£#& 
5 0 nm-^. t7 7 ^7iSl 1 £ }§ L ^7*6 £ WiM~? %> z\hifi 

-e^tco */c N §i^^^j^< > myt&jji<zm?Ltfmmm$ii& 2 0 0 

©«»#&{±ffi|*(f 7 4 - 8 2£T?«fc*# N 3©Ilfi^§l^^ 
te> nMGaNIl 5 ©Jfcfifftf:/ U 2 /i m©B#, pg 



WO 2004/084318 



PCT/JP2004/001952 



mi$ 1 0 0mW/Anofc©|:#L, 7 6 m<Dm^lz tt. nSG a 

**D - 3 izm. tyfp- 1 7 /im(3^U. 5S3te8b*W;2 0 0 mW 
/A. 8 2g(Dl^litt > nlGaNf 1 5 

/im©|, ggPSPl 3©*#£D= 3 w m. t° >y ^ P = 1 7 

lz U m) (Dm^frit* (D, P) t^kL, D£3~l 0/im. P£ 

ii~28 um<Dmm^m?Ltzum$:g>m / ¥mL, ^n-en^Lt 

nMGaNJSl 5 ©Jg&/3M o fc. *©J|&^ f >y ^ P ^ £ ^ 
I5t\ nSGaNll 5 <h ft «9 „ 

^ 7 i 6^j^^^< 0, $ vitals ^Tbmytwmtfm 

^7HI^7 I N^ii«<Z)^±^^(DnMGaNjp 1 5 (Dfe^mn^MU 
m (SEM) ^-M^fr^-to $cS^?x? 1 4oHp§pi 3 tf)* 

# £ D = 3 // m. b°>y^p=lO/i m-e& it3g£>fc #> fi£^<E> 

8 m(ii^i- 0 ^i-e, ^tx? i 4 ©rapgp 1 3 $ d 

= 1 0 um^ h**y ^P= 2 9 wm-e$)^ 0 

£tz, 19 1 4 (DffinU 1 3 D = 

fc°>y ^P ^ 1 7 /im^OniGa Nil 1 5 © S E M^H£^-t 0 

0 mizf&^z ? l 4 ©igpgp 1 3 £ D = 3 jum. 

b'.y ^P = 2 8 wm©^OnSG aNIl 5 © S E M¥l (jggsfcfc 



WO 2004/084318 PCT/JP2004/001952 

^9i©l/2 fcfc&JR) ^^f 0 9 Hfc«fci;SI 1 0 0«fc 

«9> t-jr^P^tt 1 7 //m©i§l=, =fc 9 £^2 8 /i mOJ*^©^r*tfig« 
[:Jfi^^OAiitt0^IM©nlG a NJS 1 5 (DM 

fill 1 IHtc^-r «fc -9 nMGaNll 5 ©^cftl^lc te-e (Dftffilz 
4>ft < £ nlG a Nil 5 ©^iCjfi^^T? l±<Effi 2 0 

rii. pimtn 8^nfij«Mi 9 k<Dmizmmnffi.zm.Ltzm, m 

»S^nlG a Nil 1 5 ft if ©XR&^&£«ftnft ^ «fc 9 fcpfflHSffi 

i 8 $ &&«>t^£ 0 zotztb^ myt$]mybm#>xm< > mis 

ttK &M*i/c G a N^^^Vt - K £ £ # & 0 

15 cl©Bl©IWl:i3^Tti, t77^7lll 1 <£>£M 

F2.F3.F4) fr£ftO. LTfiM^ft-r{tIi4^ B B H M^W 
-r<SA^H^<7)^igff^CDnMG a NI 1 5£j&S£-tK *(D±J,Z^ 
ttll 6 UiO'plG a NJS 1 7 &m.&ts*tX^&Ztiz&*) > P S 

20 GaNgl 7fenMGaNIl 5 tii<JDl^f B I^Wt^. 3(7) 
fc#>> pfl«*@l 8£n$iJ1t@l 9 ^^p B ltzIg||jB^^^L/-cH#^^ 
1 6 ^£>£ L^^C^pSG a Nil 1 7 fSiJ^&ftte. <I © p 
SGaNIl 7 (DtmxRm ^Tt7 7^ 7li 1 lMlzMtSo — 
15, 1 6 C&ft© ^nlG a Nl 1 5 (7) ft U lz M tl % 

25 t«©^t77^7lll UlltcSii?. gtll 

4^3t^t7 7-f7lll 1 ^ffiLT^isK^K^OttJlf-^ 

2 6 



WO 2004/084318 



PCT/JP2004/001952 



tsziz^ zcom i <omi&mniz&% g a N^^t- h 
ss^ i ra^fc <o <D&mmm&m*bTfris < -r* - 1 

2 0 //mgS-e$*0|i^L, £©|jt i ©HJfe^HiJ:«fc^G aN^IS 

p||ijm@ 1 8 £ LT. ^f«©?t^Agj@t£ii-trN i / Ag 
/Au«j£<Z>&a>£JB^T^*;fe«> % £©pfl!0S8Il 8^j&£*i/c. 
7N^H«©^i§^«©pMG a NJS 1 7 6±^<DRHm *M < ~t %> 

^frbnmyttoftmtv 7> (Lambertian) <h IM\ ^ 

tMitl^o £©£-?ftEK ^7*6ti<Jf©^[R]^^BT^^^^J-e 
7*7 >v ^^X^fj:if^|g(j-^<h^©^(nJ{3 4>5 I 6^^T< ©"£\ 

M^t-^^ixotaLfc^^tibvx^^^-r^j&n £©sn 1 ©^^ 

£©f£BJ!©Sj| 2 ©Hife^M^ck^G a N^3fc^t- K t,z 
«)TpMGaNIl 7 £Xf$-&t5l£tz{k^ 3©pSGaNIl 7_tK 

pffi'jm^i 8*mi&-tz 0 mz^ t7 7 ^7iii loftii^^^ 



WO 2004/084318 PCT/JP2004/001952 

V7 r 4 T&WLl 1^£> niG a NIB 1 2 7^S> ±<DUft%mM-f & 0 
<Xlz^ ZO) J: -9 lz LTpJl^n/inlG a NM 1 2©XM£i«/^y 
rfc^te «fc 9¥fi{bL;teSK mi zmiZTTs-t&olz^ nSGaNU 
2 c7>mMl-n#JS@ 1 9 *B®.i-& 0 C©nffll*ffi 1 9 t±fl);ttf I T 

w<Dffl&izMjfci-&%$ftz^&nmG a Nil i 2 (dumcd m^mmiz 

1 9 £T i /P t/AulI©^Ig[|ilU O^-r^Jtl^te. 
nSGaNil 2 £S L TttlfftJl^tffiM* $ ft & «fc o \z~? Z> tc sb „ Id 
10 1 4 IHK^-r J: -9 (3. ^i^ff^nlGaNIl 5 tzfcfjfc 
■*-**P#l;:*5tt*nffl!!*tt 1 9tel»P$Bl 9a£lgt:)-& 0 

2 ©H«s^|R^J:nii. IB 1 ©fl;&fe^J!i£|^ft#J;&£f#S 

15 -r&„ c©i«^sat^i 5 0t^t. 

mi 5 Bteavrj: o [z^ Z.om&m.Tr^mzis^Xi.t^ t7 7 -f7 
1 1 WMF^OStM^ll^i-^ x^|pJfcJ:t>V^lp]{3G a N^fgift 
tf — K#£fliJtoteIB*J£ tl N G a NIM^t- F (D—^Kfcf 

20 31 1 oHlfe^«!£|lUt&-c&£ 0 

y^l«It3(±, ^fe (R) M©GaNI^^t-h\ life 
(G) ^fflOG aN«^ 4-- Ffc cfctffffe (B) fg^ffi^G 

mytyj y\z & o 1 ii«^t^^ 0 x^iRiuiiE^jsftfc 

25 ^fe^ffl^G aN^^Vt - K©pffli«® 1 8 EktliffiMt 2 2 
HiOS^mii^tl, ^fllte^ x:£ftKS5?'J$ftfc#ifefg:7 I cffltf>G 



2 8 



WO 2004/084318 



PCT/JP2004/001952 



8|WI±{±iB^2 4KJ:DS^(;ga$nt^5 0 n 
MMl 9 tty3rflfcSE£LT;fe»K y 2rftteE*J $ titz G a 

fix *^^#®«©«#tcj6i;TBBjSR 2 2 ~ 2 4 i: nfiM@ 1 9 £ 

zom 3 (ommmmiz^tut^ #g a N^^t- k#s£ i © 

<xiz^ zvmwvmA ^mmmmiz^^mmmmnz-D^x^m-r^. 

z<z>mwmmzts\,>xit* mwytnenzj&cTmmz 2-2 a tn 
mmmi 9 tfcamu »&snfc®*<z>»ft;aeftfcGaN;&s&^ 

•o^xnm-t^>o -©GaNIM^t-F^^l 6 0Afe«kt;» 
1 6|B(w7to 

2 9 



WO 2004/084318 PCT/JP2004/001952 

z<dw 5 <Dmmmiz$s^Ti,±^ m 1 ommmmtmrniz ltg a 

D= 1 0 am. tr>y ^p = 2 8 //mttl^^ 1 (DmiMftm 

5 5 (Dmmmmiz xmt^ 1 4<z)§gp^i 3^1 

£ D 1 OwmiJit^^^^itaO, nlGaNIl 5 (DMiR 
10 fl^it^t^ 0 ¥£ft&jjt Ltli, #IJ;U£. igimS?S 2 0 0 

^^Tt&Wt&o i©GaN^3fe^^t-K^^l 7 |§l A & £ t/SH 
15 1 7 iBii^t, 

z.<n>% 6 ©^^MKfc^Tte. sn i (Dmmmtmmiz Lxmn 

1 3 £W-r-SJ5£ft^X ? 1 4 £?£/&-r«£>^\ SH 1 ©H^jH-hUft 
«9 . Hi P#|3 1 3 CD^t $ D= 10/ziru f'yf P=2 8/imi:t^ 
i©j5gg y-x ? 1 4^ffll>tnMGaNll 5 £;iiRj5£;ft £ -tir 
20 &o ^^B^^J^^^Jgii^Utf 1 0 2 0 °C 

^5c«^^[-t?4 /im/hti:t§, Z. ©MiRj&S <S>iH- te. nIGaNI 

1 2 ^©^M^^^iJtt^^ft^fi-^^^-r^/cii), ^S^Jg^r 1 0 

2 o°c=fc*9 ®.&mm*i&< U^I^I^tUU 

nSGaNIl 2 t ©MSf^M^i < *SP#tf>j£SteJ$ 
25 1 0 2 Ot t J5gS?SS^-7 0 U-^J^fi^»:-??4 ijm/h 

3 0 



WO 2004/084318 PCT/JP2004/0019S2 

5 $^ B B a li, ^nlG aNil 1 5 <D ±U(Z>MmizBj$.£ ti & SI 
<h £ ft £ o 

^©m. m i ^mmmmtmm^Lxxm^m^, m 1 miAiod; 
io £©31 6 comiMftmiz j;n^. h 1 ©iw^j:o^2 £>3«^ 

tfrmsft 2 0 0 ul A <£>B#t£ 2 5 ju W£f#& £ & 0 

^(3. zomnnmi <Dm.m%miz & %> g aN^^vt - kih 

o^ri^0^-r^ o c®GaN|J^^t-F?:0 1 8 HI A J; t/Sjt 
15 1 8 mB lZ7jk~to 

z-vmi <vmiMmmiz$5^-cte^ m 1 (Dmmj&mtmmiz Lxma 

§|5 1 3 ^tt^^lvx^ 1 4 £7F^-r&^ mn%$ 1 3 £ D 

= 1 0//iru t°«y^P=2 8 jum-h-r&o mi (DmiMBMbm 

1 4tffl^TnlGaNIl 5 SriSiRj&S 
20 $ t>lz^<D±izfe>&m 1 6 fciO'pSG a Nl 1 7 

z. z^itz(D^'\^m i 6 zmmm 1 6 a. #fjs 1 6b, i^n 

II 6 c, #FJP 1 6 di5=kt;^ii® 1 6 e ^b^UMQWilit 
£ e zti^cDmmm l 6 a, #pr® 16 b. PiliJg 16c. ffpl 1 
6 d &£XfmM.m 1 6 e I n G a NiliJ; Vmfc-t&o Z. 

25 £>i#1=^ ^ftJI§^*PmcD*££W = 1 3 iimt^, 

h i (Dmmmtmmiz LTxmzm&, mi siiAfcj; 



3 1 



WO 2004/084318 PCT/JP2004/001952 

i&m^t 200 wA©tc 8 0 uwzmz z.b&x*g& 0 

5 d£>f£Bj§<£>Si? 8 ©^Sfe^Hlcj: £ G a N^fg^r^f — Klz 

o^T^lt^o iOGaN^^t-K*Bl 9 EI A £> £ t/fj§ 
1 9 HI B lJi^i~o 

U 1 3 ^tt^Mvx^ 1 4 £^j5fc-r<i>^\ m 1 ©Hj&feff^M^M^ 
10 0> IISPSP 1 3 d= 1 0 urn. f.yfP = 2 8 /imif^ 0 

£<£>jq£S-7X ? 1 4&ffl^TnIGaNil 5 £iS^J5£S£-a- 
& e ilco^c7)^S^Jg{±Mx.^ 9 4 0 °C <h L- > ^S?SJ^^7°U-^-^ 

ftiif i i . o~ii. 3 um/h t^o^nizm^^mMmizi- 

Z> 0 ZOmtRfc-momizlt, nMGaNIl 2 b <D lz & & 

15 f$.&Zm j $>frlz-f&tz&b^ J&^&Z 9 4 0 °C =fc 0 < U j&:R;§ 
Jg£{£< LtlfiH^J; nIGaNll 2 

M*7°l/-t^il-ei 1. 0-11. 3 um/h t\,>o}miz 

m^^mmzm^Lxnoo z<d^ m.mmmzo. sum/hm 
20 mzmt i,x$L&$:ft -9 0 £n£<fc^-T\ m i g HA*j<i:tfsn 9 ei 

o±m^c® * & i± c mmuco^^m^ h & & y^nm 

©nIGaNll 5«t^ 0 &t£. Z. (D nIG a N IB 1 5 ©IS^ 
§P#te0!l;Ui9 4 0°C©j^ft^Jg-eT> K-7'G aNI22 ^m^t 

25 ii. o-ii. 3 um/h(Dj&^Mm.x^m%m£v&&o\,zmx 

tf)P£ 1 0 0 nmHJK#cS$-tir<i>o £tf>T > K-7"G a Nil 2 2 ItM 

3 2 



WO 2004/084318 PCT/JP2004/001952 

z.<d®.^ m i (Dntfcj&mtmfiuz LTxg&ai*, mi 9iA^j: 

t>^l 9 |g|B{c:^-rG aN,^^ K 
^Tt^^^^t©^^ $ W= 1 3 jumT**. 
5 ££>fil 8 (DmtfcJ&Mlz. ckntf. id 1 ©^Afe^M*5<fct>*B 2 (DmMffi 
MbfflUteffl&Zm& Z. t ■€>„ ZOim-S^lz^ 7>K-7"Ga 
NJB 2 2^m^iaihflMi:^^il^{3j;0. ffii&*SL##£Htt<Z>^ 

z-vmrnoB 9 omiMjfmiz & %> g a N^^^t - pic 

2 0 SB M^-To 

15 §p i 3 ^iit^^ft-?^^ i 4 m 1 ©H^jH^ft 

vm'b^&ZMz-lf 1 Owmit^o HDtPl 3 © tr>y ^-P (i^ij^tf 
2 8iimtf^ 0 iWj&^Rvx ?14£ffl^TnMGaNJgl 

20 5 ^iliR^^$^^ 0 i©l^(Z)^l?agWJ^«9 4 OtiU, 

M&*7°V-i-J&m%lM-e 1 1 . 0 -11. 3 um/h t^oimiz 
M^l&-&Mmz-f&o n^GaNJll 2i© 

25 GaNIl 2 ^O^M^{^(7)§|5^^1^< ^§|5^(Z)J^SiiJ5gS^^ 9 
4 0°C t ^M^7'U-tililT! 1 1 . 0-11. 3 Atm 

3 3 



WO 2004/084318 



PCT/JP2004/001952 



ni i 5 *«g-r& 0 
com. sn i (Dmmmt\3}mizLTj:mzm#>^ mi oia^j: 

mm^2 0 0 ^ a © b# {3 2 5 jLLW%m & z & 0 
mz^ zommnmi oc^wta^GaN^^t-F 

lz-D^xm,Wi-& 0 Z.CDG a Nm^^V 4-- Y*m 2 lgAfeit; 
SI 2 1 HIB ^^-To 

£<?>ij§i o ©ii^jt^&^-c^ m i commmmtmrnizLxm 
psp i 3 *#-r^>^s^x^ 1 4 £^-r-s^\ sn i (Dmmmtm 

ft 0 . HP§P 1 3 $ D =1 0/im. t° *y ^ P = 2 8/imif§ 0 

Z(Dm,m^rX V 1 4^ffll^TnSGaNIl 5 SrJljRf&fi £ -tf- 
£ Q £<?B#c£^:R^te#iJ;U£9 4 0 °C t MM^7°L-t^ 
RSMtTM 1 . 0-11. 3iim/htl>^f(ili^gig(if 
£o CCOJliR^ScDl^tcti. nlGaNil 2 t ^M^fz&tf-S 
j^ft^^^^tzf ^S^JK^r 9 4 0tJ:Hfg< I, 

J^£f.£< LTj^^-tf&.fc 9tLTU^^ nSGaNll 2 t CO 

M^^-7°U-^^S^^E-e 1 1 . 0-11. 3 um/h t^o^niz 



WO 2004/084318 PCT/JP2004/001952 

X'y hx 7 f>^ CF 4 ^CHF 3 &£f©7 >y |t£#t;jr. 

nIG aNJl 1 5±t;r#i];U£9 6 0 °C £>J&fi^-??#iJ;i (f 1 
^T^cD^ft^M-hf-^ttjg 1 6 iJitfplGa NJg 1 7 

iGaNIl 7ioJ;t>^f4e 1 6 £^ «y ^ > L T H 
<I <7> nMG a NI 1 2 ^^ttl £-tfr£ 0 

15 ->£i&*-r& 0 mz, mm^mizmxitm^mmmiz^ o t i 

-?T. pIGaNil 7 *5^t/^ttJl 1 6 fi/cHf P§P£a D 

20 TnlGaNll 2K3V^^hLfcTi/Pt / A u «^co n flUH 
B 1 9 ^^J^^n-So 

o (DmmmmAz ^ntf. m 1 (om^mm^jz^m 2 <Dmm 

2 0 0 ju A(D1$lz 2 5 u w*n& z. & 0 

25 ^ti^p^T. <r<Z)!jll 0 ^H^lUCcfcmf . ^<^J; -9 JtcW^S: 

3 5 



WO 2004/084318 PCT/JP2004/001952 

4"- F-Ctt, Mltis n > (S i 0 2 ) *»t$/ U n > (S i N) 
&ft*J&S^* ?<B|&PSPU::tett&nMG a NJg_h^S^©^M^^f 

5 NJfft£ *^g$-Br^ £ 5 N nIG a NlOlMS^f ©t®p 
MG aNJS£>j5£;gii 9 0 0 t &L±<Dfti&-Cfttoti4> tz#>, £©J5£SB# 

izf&m-?* wmmfr^i' ^xsn ^uss (o> ^juan <i 

10 UnSMiltKSi^ pIG a N jS^^B#^^*jg ^ 

? ©r^pg^^^-r^i^^ti^ * h y v y * —urn 

20 110 ©5?ife^llt3*5l>Ttt N SttJS 1 6 *5«fctfpMG aNil 7 CO 
J&-&&Uzj$,m-? ^ ? 1 4 fcJL-y ^> yffi&LX^&tzlsb^ jg&M 1 6 
fcitfpIGaNl 1 7©«(^S7X? 1 4 fcfc#«E-ti:i\ pS 
G a NI 1 7 CD^gB#{c:j5K#^x ? i 4 S i tfffi&JB Lt^lgli 

teitjgtittfJpSG a NI 1 7 *n%> t>l>tttGaN|J 

3 6 



WO 2004/084318 PCT/JP2004/001952 

jtyj*- F<Dmyt%3m<Dts t>tn&fa±zm& zt&x%& a 

5 mz-it, ±&(dw i ~m i o (Dmmmmiz^^x^i.ftzmM, urn, 
mm. 3CTu mm, 7 , o^x^if«$>< ^•vtm^m^-r^ & 
mizmux, ztubtmte&mM, *m. mm, nm, mm, mm, 

HtzA 1 G a NS£i£ttfc V) > i n ffii&cD/h £ ^ I n G aNl^/j:^ 
SrlgttT t&^mizifcCX, l>;b$> -Showing^ <fc <g>/^ > K 
+ >y ^©li/h^Jll^&fc&t^ I n G aNCA 1 %tiU%-X A 1 G 
aInNHTUl\ $ t&mizjfcCX, ?S'f4JS 1 6 £ nlG 

15 a Ng 1 2 tvm'Pfeifkm 1 6 tpSGaNIl 7 £ © P^ft^MJg 

£ffl^T^£fr\ ^II^DT, -fXlzm^tzS i C2Mg, S ili 
t£}i(Dift<Dmm&m^X t> ELO (Epitaxial Lateral 
20 Overgrowth) ^ > is. ^ft^llJ&S&flf Srspjffl L Tf# & ft 

&{.£$g£/.^E£> G a NSt^|l>t|) «fc in„ 

$ ±ftcvm i~0io (Dmmmmizirs^x^ P ig a njs i 
7 tpwnm i 8 t©Mfc. gttji i 6 xm^Ltz^t(Dmxm^T(D 

J¥£ Ni> Pd, Co. S b t£ £ P, t& & zi ? h&MM 



3 7 



WO 2004/084318 



PCT/JP2004/001952 



5 t;'Ji/7^l;MU:i, ZtlP><DG a N^^r^f Kfefl^ 

frts^mttaxm*. mmm^m^m^mm, 



3 8 



WO 2004/084318 



PCT/JP2004/001952 



it # (d m h 

3 9 



WO 2004/084318 



PCT/JP2004/001952 



8. ±t^ikm*&mmyt*mir&z.t*^mtir&m^<Dmm'B 1 
vmmm i mzm^^m^ytm^o 

i i. — ±miz^ z&^mizttL~cmmLfr^M^izm$$fttfmuz> 
mm±izm 1 #*M^m 1 -arsis*:. 

1 RGlt0¥*#%3feX?0&&;&tt o 



WO 2004/084318 



PCT/JP2004/001952 



1 4 . ±|H«fi7X^©±JBHP«0^| $ % 2 ymJ^± 1 3ymJ^ 

i 6. ±fcmfkmtm<t®%ki i i-vM^«^^^-5ii 

1 7 . ±ia* i mnm<D*B&m. ±mm 1 e>¥i*#js. ±15^ 2 © 

2 i. ±.%^^m±^nm^^mm^m^^^t^^m.t-r^>m 

2 3 . JbE»#*JlSfi©j£5iBj0fc* 9 2 0°CJ^_t9 6 0 t J*iT £ ?" * £ 

4 1 



WO 2004/084318 PCT/JP2004/001952 

■tzm-froimmm i i^i3m©¥##f^m^©$i^:£&o 

10 27. ±mmm^x?(D±mmnffiiz&tf&±mBi<D¥-mfom±iz 
% i 2 <D¥mfomzm$if&&z*t%j:mt^ ±mm 2 

15 l?©I^ 0 

28. —^miz^ z(D^mizMLTmmLfr~?s.^izm.mft&mt£& 

20 < £&iS&JBfc«fctfSf!2**M©¥*&JB£. 

±.m%£k^±(D±t^ 2mmmcD¥mfom±\zmtf jtiBm 2 

25 2 9 . — ±11;, I©iiBllWLTM^^-3l^C<®*fft^ftft'& 

4 2 



WO 2004/084318 PCT/JP2004/001952 

ti^iisf i^^gf ©iji^t^ 

10 ±ia* 1 ©¥#4*Jl_htc. JJfSM^cHntt*:*-*-***^* * * 

20 31. ±Bf&&^x?<D±mffin%$(DrBmz±m¥mfomftm : ?'<D* 

3 2 . ±|H^ft-^X ? <D±tZmoffi<DjKg £ & 2 zzm^± 1 3 jtimK 

25 

3 3 . ±IH^-7X ^ ©JhiBB§P$P©HPfl£ 1 0 um£A±tir& Z t 

a 3 



WO 2004/084318 



PCT/JP2004/001952 



3 5. — £W\z* c^iii^LtMi^^i^cn^^f^ 

±m^^±(D±mm 2 mnM<z>¥m#.m±izmf s*u ±szm 2 



WO 2004/084318 PCT/JP2004/001952 

fern 2&nM<D¥mfom*m<Xf$.&ts-&&i:mtzm-f& 

±m^^u±(D±mm 2 mmm<D^m^m±izm^ <=> *u _tiB^ 2 
^mfomytm^t. tzitmmts titzm&cD^mfamytmj'Zm-t&mw 
37. — ^miz^ zv^-fcizM LxmmLfriM^izm®n&mts;& 

'pn< th±.m^^(o±.mmm^M±.\zm^Km.m^ntz, 
< t bft>\!kmi5£ zfm 2 mmmcD^m^-m 
±mm 1 mmmv^mfom tnmmizmmz titzm 1 ©m®^ 
±mm^±<D±mm 2 mnm.(D¥mfom±izm.tf <=>n. _Liam 2 
20 ^»M©^##:jii«m^(-^$nfc^ 2 (Dnmt&m-f&—^(D 

_tf2Sg 1 ©¥##M_t{;:, ffifeUftlzm Pf^Wt^^TX ? £ 
25 Mt^Igi, 

4 5 



WO 2004/084318 



PCT/JP2004/001952 



3 8. -iin, z.<D^.mizftLxmmL, ^tLTii^it^ 
±&m 1 mmmv^mwm tnm*)iz&mz titzw 1 <z>m@<h. 

3 9. — ^Mto. ^©3EM(3^tLTM^4L. MiLTtJiJfll^^ 



WO 2004/084318 



PCT/JP2004/001952 



±ib* 1 mnmv^mfam tnmmizmmz ntzm 1 ^«@<h. 
±i3*sn$p±©±fBf& 2 mnm<D¥mftw±£.&& &ti^ ±tzm 2 

4 1. — i0±i^lth#h^ l -ratafia®* ft 

±13* 1 *M®¥WH^*AftK&tt£nfcjii 1 (ommt, 

St±t^ 1 1 ©¥i»#»£j£;g$-l2:£X*l£ N 



WO 2004/084318 PCT/JP2004/001952 

.turn z <n*mwm*m.o j:-?^ <j>fc< t i>±&fe&M&xxf± 
ism 2 mnm.<D¥mfam & ns#u&« £ i*i ^ & wt- 

10 < £ &SteJii3«fctfJ|l 2 

Jb!B*£&gffJ:a>±f3Sfl 2 ilI©^##I±Cil^n, _hfHm 2 

15 43. — ^m^. z (D^mi^M l x mm 1^, MtLt^sfli^^ 
20 ±mm 1 #«a©^*#ji^*5tfl«itijfiaE$nfc» 1 <Dnmt^ 
25 _hi2^ i <D¥m&m±iz^ ft ^muuzmir ? & 



4 8 



WO 2004/084318 



PCT/JP2004/001952 



±mm 1 mnw<D¥mwm tmmftiz&mz ntzm 1 

© ^ m& m t mm m iz $ n & 20 2 © *@ <h £ w-r & — o © 

4 5. — ^Mt-. zn^mizM LxmmL, ^^ltsi^i^^ 

4 9 



WO 2004/084318 



PCT/JP2004/001952 



WO 2004/084318 



PCT/JP2004/001952 




1/18 



WO 2004/084318 PCT/JP2004/001952 




2/18 



WO 2004/084318 



PCT/JP2004/0019S2 



15(n) 




3/18 



WO 2004/084318 PCT/JP2004/001952 




4/18 



WO 2004/084318 



PCT/JP2004/001952 



18 17(p) 




5/18 



13 



o 6 o 




6/18 



WO 2004/084318 



PCT/JP2004/001952 




7/18 



WO 2004/084318 



PCT/JP2004/001952 





8/18 



WO 2004/084318 PCT/JP2004/001952 





9/18 



PCT/JP2004/001952 




10/18 



WO 2004/084318 



PCT/JP2004/001952 




11/18 



WO 2004/084318 



PCT/JP2004/001952 



17(p) 




12/18 



WO 2004/084318 PCT/JP2004/001952 




13/18 



WO 2004/084318 



PCT/JP2004/001952 




14/18 



WO 2004/084318 



PCT/JP2004/001952 



18 17(p) 




15/18 



WO 2004/084318 



PCT/JP2004/001952 




16/18 



WO 2004/084318 



PCT/JP2004/001952 




17/18 



WO 2004/084318 PCT/JP2004/001952 



1 1 t7 7 -f7li 

1 2 nlG a NM 

1 3 g§P§P 

1 4 J&tS^X ? 

1 5 nMG a N® 

1 6 SftS 

17 plG a NJS 

1 9 nfflttfii 



18/18 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP2004/001952 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01L33/00 





According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L33/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2004 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


JP 2002-100805 A (Sony Corp.), 

05 April, 2002 (05.04.02), 
Full text; all drawings 

In particular, Figs. 53 to 55, 68, 69 

6 WO 02/7231 Al & AU 7273901 A 
& US 2002/117677 Al & EP 1311002 Al 


1-26,28-45 


Y 


JP 2002-261327 A (Sony Corp.), 
13 September, 2002 (13.09.02), 
& US 2003/17633 Al 
All drawings 


1-2.6,28-45 


A 


JP 11-26883 A (Toshiba Electronic Engineering 
Corp . ) , 

29 January, 1999 (29.01.99), 

Par. Nos. [0041] to [0055]; Figs. 4 to 6 

& US 5981977 Al 


1-45 



C3 

Further documents are listed in the continuation of Box C. 



□ See patent family annex. 



«L W 
"O" 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
11 May, 2004 (11.05.04) 


Date of mailing of the international search report 
25 May, 2004 (25.05.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 





INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP2004/001952 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoiy* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


JP 9-129974 A (Hitachi, Ltd.)/ 
16 May, 1997 (16.05.97) , 
(Family: none) 




1-45 


| A 


JP 6-45648 A (Omron Corp.), 
18 February, 1994 (18.02.94), 
(Family: none) 




1-45 


A 


TACHIBANA, K. et al . , "Selective growth of InGaN 
quantum dot structures and their microphotolumi 
nescence at room temperature", APPLIED PHYSICS 
LETTERS, 29 May, 2000 (29.05.00), Vol.76, No. 22, 
pages 3212 to 3214 


1-45 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/001952 



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

The technical feature common to claims 1-37 , 38 , 39 , 40, 41, 42 , 43, 44 
and 45 is a feature described in claim 38. This common feature, however, 
is not novel since it is disclosed in JP 2002-100805 A (Sony Corp.) , 05 April, 
2002 (05.04.02), (particularly in Fig. 53). Consequently, the common 
technical feature is not a special technical feature within the meaning of 
PCT Rule 13.2, second sentence, since this common feature makes no contribution 
over the prior art. There is therefore no technical feature common to claims 
1-37, 38, 39, 40, 41, 42, 43, 44 and 45. 

Since there is no other common feature which can be considered as a special 
technical feature (Continued to extra sheet) 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. fx] 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 

3-D As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



□ The additional search fees were accompanied by the applicant's protest. 

□ No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. ~" 
PCT/JP2004/001952 



Continuation of Box No. Ill of continuation of first sheet (2) 

within the meaning of PCT Rule 13. 2 , second sentence, no technical 
relationship within the meaning of PCT Rule 13 can be seen among those 
different inventions. 



Form PCT/ISA/210 (extra sheet) (January 2004) 



?tt«g## PCT/JP2004/001952 



a. #w©jRi-a#w©&ffl (mm&fftftm (ipo ) 

In t . Cl 7 HO 1 L 3 3/0 0 



WHE*?fo«:«/M«aHB|. (BRHm^HH (IPC) ) 
Int. C I 7 HO 1 L 3 3/0 0 



B*fflHffiJ&f^* 1 92 2-1 996^ 

B *B^N$ r :A3$r$&tt 1 97 1-2004^ 

B*BSMH*i%&tt 1994-200 4^ 

B*BHtU99r££M&lR 1 99 6-2004^ 



^ST'f 1 Ufct? f-^"<-^ (x-*^— *cDi&# s f^f^ffl Lfc/Bf§) 



JP 2002-100805 A ( V «c^?tfc) 2002. 04. 05 

£3fc£EU #^053-55,68,69 
& AU 7273901 A 
& EP 1311002 Al 



1-26, 28-45 



& W0 02/7231 Al 

& US 2002/117677 Al 



JP 2002-261327 A(y=— ^^#%fc) 
& US 2003/17633 Al <£®#J?g 



2002. 09. 13 



1-26, 28-45 



rpj M£tt«Bitfn?, i>^m9m<D3E.i&<Dg$kbts:Z>mm 



Lfc B 



11. 0 5. 0 4 



25. 5. 2004 



B^H#fFJT (I SA/J P) 
0 0-8915 
JOfcMSfftH KIK^nHT S 4 # 3 •§• 



iff 0 * « i 



0 3-3581 



110 1 



2K 



8 4 2 2 



rt^ 3 2 5 3 



tAPCT/ISA/2 10 (§2^) (2004#U) 



%mm&& PCT/JP2004/001952 



c mts) 



JP 11-26883 A 0K£«-?^ i/^-T V J^«cS£rtfc) 1999. 01. 29 

®5£0041-O055, H4-6® 

& US 5981977 Al 



JP 9-129974 A («c^thHSdRf^r) 

(77^ y-fcu 



JP 6-45648 A (t*5£#*b$-A n ^) 



1997. 05. 16 



1994. 02. 18 



TACHIBANA, K. et al. , "Selective growth of InGaN quantum 
dot structures and their microphotoluminescence at 
room temperature", 

APPLIED PHYSICS LETTERS, 29 May 2000, Vol. 76, No. 22, 
pages 3212-3214 



fil#cof5Bcpg-§- 



1-45 



1-45 



1-45 



1-45 



ISPCT/I 



SA/2 10 (I2^©g#) (2004^1^) 



HWlff PCT/JP2004/001952 



iifef 8^f3« (PCT1 7^(2)(a)) (Dm.mz.XV) , icOffl^iiatt^«^OSS{C<t >9ff*©®H<^— gBJco^T^ 



2. □ff^OfSIS tt, ^a^H^Ri£^-rs^i:^T^sm^g*T•M^^#<Sr^ : :U-C^^ 



3 . □ ft JfcOfSffi $£J!!e#<£>$£K-T?;fcoT P C T^IU6. 4(a) Of? 2JcRXfiM 3 ZfcoSISK 

§g^ffll-37, 38, 39, 40, 41, 42, 43, 44*5 J:t^45^*ii^*^« N it^cD|5H38^|B«$^L 
fc*^T^5„ JP 2002-100805 A(y~H*5^*±)2002. 

04 L 05(#^SI53) ^§S^$;h/-CV^;^ib, tf^T^VN^ ir^pj ^^^^ 0 f Co 
±iB£*ai^^«^cfTS^O^^tfci^V^^^PCmIlJ13. 2©fg2:£<Z>;t9kfc:*5V^ n 
3 ?S$?SS JB,J SS llf !¥ , * 9t " eW: * VN « *tl®7L, ff^(DiS|Sl-37,38,39,40,41,42,43,44*5 

pct^iji3. 2(vm2X<Dmmz&^xmite&ffiftmmbnx. hti^m^m^mn^ 



3. □ fflKAas&g&ilMjS^tm r©H^HS#^^ ^icifsj-w^ 



4. □ ffl®A^s^ciiiqM^M^p B irt^^#u^^ofc(OT% roHi^fifi^te, IS^o^ffloftiDfciia^ 



□ i!«5tc»|s^*rttt i: *»c UK Ad> h ilT^ o fc„ 

□ i6*PiS*«)ls|-Oi^#i*fcm®A^fc^K^a:T^^^ofc 0 



i«PCT/ISA/2 10 S?©«ai (2) ) (20 04fl^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



Li REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ FADED TEXT OR DRAWING 





